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Figure 2. Example of a fi gure inserted in the main text.
3. Conclusions
 By using the multifractal “Box counting Algorithm” and a suitable 
non dimensional Damkholer time, based on the local dissipation in 
the ocean surface, it is possible to estimate the local values of hori-
zontal eddy diff usivity and to deduce the persistence of oil spills and 
skicks in the ocean. The eddy structure and local characteristics are 
invaluable when a prediction of tracer or surfactant path has to be 
made. In current numerical models that do not account for the strong 
spectral content at R= N h/f, with N the Brunt Vaisalla frecuency and f 
the Coriolis parameter, only Gaussian order predictions are available, 
on the other hand intermittency and higher order dose and persist-
ency predictions are needed for practical remedial situations.
4. References
[1] Redondo J.M. and Garzon G.“Multifractal structure and intermittency in 
Rayleigh-Taylor Driven Fronts”. Ed. S. Dalziel www.damtp.cam.ac.uk/iwpctm9/
proceedings/IWPCTM9/Papers/Programme.htm. 2004.
[2] Redondo, J.M. and Cantalapiedra I.R. “Mixing in Horizontally Heterogene-
ous Flows”. Jour. Flow Turbulence and Combustion. 51. 217-222. 1993.
[3] J. Grau. Thesis.  Univ. Politecnica de Catalunya, UPC, Teseo, Barcelona. 2005
[4] Castilla R, Redondo J.M., Gamez P.J., Babiano A. “Coherent vortices and 
Lagrangian Dynamics in 2D Turbulence”. Non-Linear Processes in Geophysics 
14.  139-151. 2007.
Figure 3. Multifractal D(i) curves for diff erent features in SAR im-
ages [7].a,b) spills,c) convection, d) eddy, e)rain.
[5] Redondo J.M.“Mixing effi  ciencies of diff erent kinds of turbulent processes 
and instabilities, Applications to the environment” in Turbulent mixing in geo-
physical fl ows. Eds. Linden P.F. and Redondo J.M. 131-157. 2002.
[6] Rodriguez A., Sánchez-Arcilla A., Redondo, J.M., Bahia E. and Sierra, J.P. 
(1995): “Measurements of pollutant dispersion in the nearshore region”, Water 
Science and Technology, IAWQ, 32, 10-19. 1995.
[7] Gade M. and Redondo J.M. “Marine pollution in European coastal waters 
monitored by the ERS-2 SAR: a comprehensive statistical analysis”. IGARSS 99. 
Hamburg. v. III, 1637-1639. 308-312. 1999.
[8] Carrillo, A. Sanchez, M.A. Platonov, A.,Redondo, J.M. “Coastal and interfa-
cial mixing, laboratory experiments and satellite observations”. Physics and 
Chemistry of the Earth. B,26/4. 305-311. 2001.
A SIMPLIFIED MODEL FOR BOTTOM TRAWL FISHING GEARS
A. Folch(1), J. Prat(2), J. Antonijuan(2), A. Sala (3), F. Sardà(4), A. Manuel(1)
(1) SARTI-CT VG, Universitat Politècnica de Catalunya. Rambla Exposició s/n, 08800 Vilanova i la Geltrú, Spain
(2) Departament de Matemàtica Aplicada IV, EPSEVG, Universitat Politècnica de Catalunya. Víctor Balaguer s/n,08800 
Vilanova i la Geltrú, Spain
(3) Instituto di Scienze Marine, Sede di Ancona, National Research Council.Largo fiera della pesca, 60125 Ancona, Italy
(4) Institut de Ciències del Mar (CMIMA-CSIC), Departament de Recursos Marins Renovables. Passeig Marítim de la 
Barceloneta, 37-49, 08003 Barcelona, Spain
Keywords: Bottom trawl fishing gears, numerical simulation, modelling
Bottom trawl fi shing gears are complex systems in which the diff er-
ent constitutive components (net, sweeps, otterboards and warps) 
are intimately coupled. Information on gear response has been tradi-
tionally inferred from empirical experience and scaled prototypes in 
fl ume tank experiments (Fiorentini et al. 2004). In addition to empiri-
cal studies, a number of theoretical models of increasing complexity 
have also emerged in parallel with the development of computation-
al capabilities (software DYNAMIT, IFREMER, 2000). 
 A simplifi ed model of the gear that mainly aff ects to the net is pro-
posed (Folch et al. 2007). The model is constrained to steady tow-
ing conditions, fl at seabed and gear symmetry. Simulations provide 
a number of relevant outcomes like distribution of tensions at the 
warp, balance of forces at the otterboards or spread under diff erent 
haul conditions such as depth or towing speed. Based on the above, 
the objective of the present study was to describe and implement 
the model and thus to predict the consequences of changing some 
gear components. This objective could have been fulfi lled through 
extensive sea trials to cover all the diff erent haul conditions of inter-
est. 
As a preliminary test, we use experimental data from a set from the 
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Central Adriatic Sea  (Sala et al. 2007). Due to the high cost of such 
trials we chose to use sea trials carried out at two diff erent bottom 
depths at which two diff erent towing speeds were tested (named 
WL450 and WL200 the fi rst and the second cruise respectively). Then 
we applied the computer-based simulation program to make a pre-
liminary comparison with experimental results collected. In order to 
set up the model it is fi rst necessary to characterize the net resistance 
and the horizontal net opening for this particular gear (see PREMECS-
II 2006; Sala et al. 2007).  As a starting point we have compared the 
horizontal door spread and the total gear drag with experimental 
data (see Figure 1). Preliminary results of the model suggest a cor-
relation with general behaviour of experimental data. The model 
results reacted in a similar way when the warp lenght/depth or tow-
ing speed was changed. We found the average relative diff erence to 
be less than 11% between model results and experimental data. The 
principal sources of discrepancies in our opinion are the model as-
sumptions and the use of a diff erent trawl door. 
In summary, we have shown the potential of the model to analyze 
a bottom trawl fi shing gear. A relevant feature of the model is that 
it skips a detailed simulation of the net and hence provide  approxi-
mate results at negligible computational cost. The model results ob-
tained are considered satisfactory, and we think that at present com-
puter simulation methods for fi shing dynamics can estimate fi shing 
net shape confi gurations and loads in as much detail as fl ume tank 
tests. We are aware, however, that further comparison with data is 
necessary before reaching defi nitive conclusions.
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Figure 1: Horizontal door spread HDS (m) and total drag TD (kg) 
as a function of towing speed V (kn). Solid line/dashed line from 
results of the model and diamonds/stars from experimental data 
(WL450/WL200 resp.).
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1. Introduction
Teleosts, with an estimated 23,600 extant species [1], are the most di-
verse group of vertebrates. Teleosts have a great taxonomic diversity 
which is accompanied by a wide variety of morphological patterns 
and adaptations to diff erent freshwater, brackish, and marine habi-
tats all over the world [2]. The form constrains the use of resources 
through performance of important tasks and resource availability 
helps in constructing the form. This occurs via the evolution by de-
termining which tasks are the most important for the increase of the 
fi tness [3]. A method to predict the habitat use based solely on the 
fi sh morphology may be based on the ecomorphological approach 
[4]. To overcome sparse or absent habitat use information in deter-
mining suitable habitat criteria, especially for rare fi shes or communi-
ties, a statistical approach can be used to obtain a generalized model 
that share similar morphological, physiological and behavioural con-
straints. The aim of this study is to fi nd a model to predict ecology and 
phylogeny of Teleosts only from their external body shape. Finally, a 
sensitivity analysis of the neural network model was conducted to 
evaluate the relative importance of each predictive variable.
2. Results and Discussion
The morphological traits of 1203 selected species were analysed 
with two types of statistical comparative and quantitative analysis: 
the geometric morphometry and the artifi cial neural networks (ANN) 
(Multilayer Perceptron). The ANN training was performed using the 
most common training algorithm, i.e. the error back-propagation al-
gorithm. The best architecture of the ANN was empirically defi ned 
after a set of test runs in which diff erent numbers of hidden layers 
nodes were used. The fi nal ANNs, had 38+n input nodes (19 x y  land-
marks coordinates + n grouping variables), 20 nodes in the hidden 
layer and n output nodes (n grouping variables) [5]. For each species 
a total number of 19 landmarks were identifi ed (Fig. 1) as reported by 
Costa and Cataudella (2006). Landmarks are defi ned as homologous 
points which bear information on the geometry of biological forms 
[6]. Points were digitized using the software TPSdig [7] applied to the 
left side of each specimen. 
Results on the relationship between body shape and phylogeny 
show their co-variation according to morpho-functional aspects de-
scribed by Webb [8]. ANN sensitivity analysis on the taxonomical or-
der suggests that this variable is especially infl uenced by the relative 
position of three morphological characters: the pectoral, the dorsal 
and the anal fi ns (Fig.2).
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